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RESUME 
Il y a un besoin pressant d’améliorer le système d’assainissement unitaire. Nous 
avons développé récemment un système d'échantillonnage automatique qui collecte 
les eaux d'égout quand débute le débordement. Les échantillons automatiques, 
fluxmètres, et jauges de pluie ont été installés dans le système de l'égout de la Ville 
de Nagoaka en préfecture Niigata. La qualité et quantité des courants ont été 
observées de façon continue pendant plus de 900 jours. Nous avons trouvé 113 cas 
de débordements dans une année. Parmi eux nous avons réussi à mesurer 54 
débordements. Les qualités des autres 59 débordements ont été calculés par le 
modèle de ruissellement. Basé sur tant de données observées, une évaluation au 
sujet des effets de mesures pour l'amélioration est exécutée quantitativement en 
utilisant le modèle d’analyse MOUSE. 
ABSTRACT 
CSO has been a serious problem in Japan, and there is a pressing need for the 
improvement of the combined sewer system. We newly developed an automatic 
sampling system that gathers sewage at the same time the overflow starts. Automatic 
samplers, flow meters, and rain gauges were installed in the Nagaoka City public 
sewerage system, and the quality and quantity of the combined sewer overflow were 
continuously observed for more than 900 days. We have 113 CSOs in a year. Among 
them quality of 54 CSOs was measured, others were calculated by runoff model. 
Then, based on the observation data of the sewer system in Nagaoka City, an 
evaluation about the effects of the measures for improvement is quantitatively 
performed using the analysis model MOUSE. 
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1 INTRODUCTION 
The pollution loads discharged from urbanized areas into public water bodies without 
treatment are increasing along with the developments of the city. In the process, the 
pollution is becoming qualitatively more complex. Preservation of the water 
environment requires an accurate grasp of the behavior of combined sewer overflow 
(CSO). However, the behavior of CSO runoff pollution load is extremely difficult to 
quantify because it various substantially depending on factors such as the intensity of 
rainfall and status of the ground surface in wet weather, and the preceding duration of 
dry weather (Larsen et al, 1998; Christian et al 2004;). 
It is important to determine the characteristics of CSO runoff using monitoring data,  
model simulation (Frédéric et al 2004) and the situations before and after 
countermeasures are implemented. This, in turn, requires assurance of data 
dependability, analysis of the accumulated data, and reflection of the findings in 
administrative policy. Nevertheless, numerous factors of uncertainty have a complex 
influence on CSO. Therefore, accumulated data based on long-term monitoring is 
necessary. After the analysis of the data, practical proposal for CSO control could be 
realized.  
This study conducted long term (over 30 months) monitoring of CSO and a runoff 
analysis based on the monitoring results. We calculated the yearly runoff load using 
actual (measured) values, with compensation using the runoff analysis simulation 
model based on the values from the continuous observation.  
 
2 EXPERIMENTAL AREA 
2.1 Current status of the combined sewer system in Nagaoka 
Nagaoka city has installed a 
combined sewer system in the 
vicinity of Nagaoka Station on the 
eastern side of the Shinano River, 
which runs through the city. The 
western area of the river is served 
by a separate sewer system. The 
city has been served by the sewer 
system of 6,390 hectares, and 
combined systems account for 676 
hectares of this total (Tanno et al, 
2004). The study area has an area 
of approximately 150-hectare with 
the combined sewer zone shown in 
Figure.1. Because this area is in the central business district around the station, it is 
thought to have the worst water quality of the entire area served by combined sewers. 
At the outfall where the system discharges wastewater into the Kaki River, a tributary 
of the Shinano River, large amounts of stormwater flow over the overflow weir without 
being treated. To determine the flow and quality of CSO discharged into the Kaki 
River, we installed a flow meter, automatic sampler, and rain gauge in the vicinity of 
the outfall, and watched the status of CSO discharges. 
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Figure.3 Automatic Sampler 
3 PROCEDURE OF CONTINUOUS OBSERVATION 
3.1 Establishment of the system for continuous observation 
We are currently conducting continuous observation at the outfall furthest downstream 
of the experimental area. As shown in Figure.2, a pressure-type water level sensor 
and ultrasonic Doppler flow speed sensor were installed upstream and downstream 
(on the interceptor side) of the overflow chamber. In fact, we let a certain 
(premeasured) amount of water flow into the sewer pipe and checked the flow rate 
shown by the instruments. This operation found that the instruments observed about 
95 percent of the actual amount of flow, and so confirmed their high accuracy. For the 
overflow flow rate, we decided to make a calculation based on the difference between 
the flow observed on the upstream side of the overflow chamber and that observed on 
the downstream side. 
CSO water was sampled by the order made 
automatic sampler shown in Figure.3. The sampler 
works by vacuum suction. We also installed a rain 
gauge (overturn weir type, 0.1-millimeter units) on 
the roof of the adjacent pumping station for 
continuous monitoring of rainfall at one-minute 
intervals. We used the CSO monitoring system as 
described above for long-term observation for a 
period of approximately 30 months, beginning from 
start of observation on 8 June 2004 to 20 November 
2006. 
3.2 Sampling conditions 
The actual measurements indicated that CSO began 
when the water level in the storm overflow chamber 
reached 600 millimeters. To accurately determine 
the CSO water quality behavior required 
apprehension of the "first-flush" phenomenon, which 
suddenly triggers a big  
change in the water quality. For this 
purpose, we sampled water at a 
smaller interval right after the start 
of overflow as shown in Table.1. 
(Japan Institute for Wastewater 
Engineering and Technology, 2003) 
In counting the number of CSOs, 











Figure.2 Monitoring devices near the observation cabin 
Table.1 Automatic sampler sampling intervals 
0~1 hour 1~2 hour 2 hour~24
Intervals [min] 5 10 60
data points 12 6 22
SESSION 8.2 
1618 NOVATECH 2007  
level increase beyond 600 millimeters (overflow water level) to the fall below 600 
millimeters as a single overflow. The automatic sampler was set to begin to sample 
when the water level reached 600 millimeters and to stop when it fell below 550 
millimeters. We chose the level of less than 550 millimeters for the ending water level 
in order to confirm the diluting effect on the water quality. In order to apprehend 
sporadic overflows, we had the water sampling start again as soon as the level 
topped 600 millimeters, regardless of the preceding length of time without overflow. 
We took SS and BOD measurements with the water sampled, in accordance with the 
National Standard Wastewater Test Method in Japan. 
4 RESULTS OF LONG-TERM OBSERVATION 
4.1 Results of CSO long-term observation 
We have made such long-term observation for a period of about 30 months. This 
paper shows the example of observation results for the one-year period from 1 
October 2004 to 30 September 2005 (except for snowly season). The system 
operated normally for this entire period. Figures 4, 5, and 6, show some of the 
observation results. The results yielded yearly figures of 242,209 cubic meters for the 
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4.2 First flush 
We measured first flush and intermittent CSO, a type of water quality behavior 
distinctive to CSO, based on the long-term observation results. We also succeeded in 
sampling CSO occurring intermittently over short periods during long rainfalls. As an 
example of intermittent CSO, Figure.7 presents a graph for water quality behavior 
during a rainfall on 5 and 6 October 2004. We confirmed a tendency for the SS 
concentration to decline and the BOD concentration to rise. 
We confirmed that the SS level generally tends to decline with each overflow 
repetition, by the diluting effect of the stormwater. The BOD level was higher during 
the first flush, but did not exhibit any significant change in relative terms. 
As indicated by the above, the establishment of the system for CSO continuous 
observation made it possible to ascertain the dynamic CSO behavior during long-term 
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5 RUNOFF ANALYSIS BASED ON THE CONTINUOUS 
OBSERVATION AND MODELING 
5.1 Modeling of existing 
facilities 
Basin data, including the data on the 
sewerage network, were taken from the 
sewerage map of the city. In modeling the 
sewer pipes, we used a total of 1,257 
mains and laterals in the area. Figure.8 
shows a diagram of the network model 
for all existing facilities. 
5.2 Results of the runoff 
analysis 
First, we made a calibration of the 
water quantity and quality in dry 
weather. This calibration revealed a 
basic correspondence between the 
measured and analytical values.  
Next, we made a calibration of the 
water quantity and quality in wet 
weather. Figure.9. shows an 
example of the results of the wet 
weather calibration on 5 and 6 
October 2004. In this figure, a 
comparison was made between the 
actual values for water quantity and 
quality based on measurements at 
the monitoring point and the values 
calculated with the runoff analysis 
model MOUSE. The decision on 
the acceptability of the calibration 
results was made with reference to 
items such as the peak water 
quality, time-series water quality 
wave form, and time of incidence of 
peak water quality.  
There was a basic conformance 
between the calculated and 
measured values for flow. For 
water quality, we made a simulation 
using parameters required for 
calculation of surface runoff and in-
pipe advection-diffusion. This was 
thought to be an appropriate figure 
given the status of land use in the 
area.  
As a result, for both SS and BOD, 
there was a convergence between 
the measured and calculated peaks 
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Figure.9 Measured and Simulated  
(5-6 October 2004) 
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Figure.8 Model of current sewer network 
（Main and Collector Sewers） 
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(during the first flush) and wave 
forms. Even in cases with 
differing rainfall intensities, the 
calculated values were basically 
consistent with the measured 
ones. Thus application of the 
model yielded a good 
reproducibility relative to 
measured values. The main reason of the good reproductivity is that the simulation 
was carried out using so many long-term observation data. Then we decided to use 
the model to reproduce the runoff phenomenon for periods in which water quality data 
were lacking, and thereby to calculate the yearly pollutant load. 
In this study, we have 137 rainfall events during the period, and 113 overflows. 
Among them we measured 54 overflows. The water quality of other 59 overflows were 
calculated by the runoff model. 
We calculated the yearly CSO pollutant load based on the results of long-term 
observation and runoff analysis. The overflow quantity was calculated on the basis of 
the difference between the upstream and downstream flows of the overflow chamber 
at one-minute intervals. To calculate the pollutant load from the results of the long-
term observation, we multiplied the water quality. Lastly, we added up the pollutant 
load values obtained from the analysis for the period of water quality data 
unavailability to arrive at the yearly CSO pollutant load. As shown in Table 2, the 
analysis for the period of the lack of data of CSO quality and actual measurement for 
the period of measured CSO quality yielded respective values of 33.7 and 18.9 ton for 
the SS and BOD discharge loads.  
 
6 EVALUATION OF EFFECT FOR REDUCING CSO LOAD 
For the time being, in projects for improvement of combined systems in Japan, 
targets must be set for 1) assurance of safety as regards public health, 2) reduction of 
pollutant load, and 3) reduction of debris. In this study, we decided to evaluate the 
prospective pollution-reducing effects of improvement through stormwater storage to 
prevent discharge of pollutants in CSOs. For this reason, we made a quantitative 
assessment of overflow frequency and pollutant load. 
6.1 Halving of overflow frequency 
To assure safety of public health, which is one of 
the objectives of combined system improvement 
for the time being, we aim for a reduction of 
overflow frequency at all outfalls by at least half. 
To attain this target, we made a calculation of 
the storage scale required to halve the 
frequency of overflow from outlets. Table 3 
shows the overflow frequency at differing 
overflow levels (in terms of cubic meters). The 
frequency can be halved if storage facilities are 
built on approximately the same scale as the 
intermediate value of overflow level. It was 
therefore concluded that over flow frequency 
was about fifty percent by building a facility with 
a storage capacity of 500 cubic meters in the 
vicinity of the outfall in the area. 
below 100 25 22.1
below 500 33 51.3
below 1000 13 62.8
below 2000 18 78.8
below 3000 8 85.8
below 5000 9 93.8
below 10000 4 97.3









Table.3 Overflow Frequency and  
Accumulation at the Outfall 





C SO  discharge quantity (m
3
)
C SO  discharge load (t)
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7 CONCLUSION 
In this paper we have performed 900 days continuous observation, runoff analysis of 
MOUSE, and following conclusions were found. 
1)The long-term observation yielded figures of 242,209 cubic meters and 113 times 
for the yearly amount and frequency, respectively, of CSO discharge at the 
monitoring point which has 150 hectares in an area. 
2)The runoff analysis based on the observation data and actual measurements 
yielded respective figures of 33.7 and 18.9 ton for the yearly SS and BOD discharge 
loads. 
3)It was learned that a storage facility with a capacity of 500 cubic meters could 
reduce the overflow frequency by half. 
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